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HYDRAULIC STEERING DEVICE FOR VEHICLES 

BACKGROUND OF THE INVENTION 

[0001] The invention concerns a hydraulic steering device for vehicles, in 
particular construction machines. 

[0002] Hydraulic steering devices are known in a multitude of forms and are 
widespread. Usually, a linear cylinder is employed in combination with steering 
rods in order to bring the wheels to be controlled into the desired steering angle. 
For controlling the linear cylinder, arrangements of control valves and other com- 
ponents are usual, which assure a precisely defined flow of pressure medium into 
the cylinder. 

[0003] A particular system of pumps for a hydraulic steering device is dis- 
closed in DE 101 04 851 A1. This system includes of a vane pump that pos- 
sesses a controllable pumping capacity and hence can provide a variable flow of 
pressure medium for the steering device. On this pump the pumping capacity is 
varied by means of a movable curved ring, the position of which is determined by 
an electric motor. A controller measures the current position of the curved ring 
and from this generates the necessary positioning signals for the electric motor. 
Because of its construction, this vane pump can, of course, produce only moder- 
ate maximum pressures and is therefore not suitable for all types of hydraulic 
steering actuators. 

[0004] Additional known hydraulic steering systems possess a series of 
disadvantages. The use of linear cylinders is unsuitable, particularly for articu- 
lated vehicles, since they can be damaged in rough working environments. Fur- 
thermore, the necessary mechanism is expensive in construction. 
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[0005] The valve arrangements necessary for the steering device are like- 
wise very expensive. Various hydraulic components generally combined in a ser- 
vostat comprise different hydraulic elements, usually, a rotor unit which is me- 
chanically connected with the steering valve, a pressure relief valve for high- 
pressure protection, non-return valves and some further valves in order to assure 
a supply of pressure medium to the steering unit under all operating conditions. 
The steering device must function always, even in emergency situations and with 
the main engine switched off, so that usually in addition an emergency pressure 
supply is available, e.g. an electric motor or something similar is provided. The 
throttling edges in the valves have inherent pressure losses, which reduce the ef- 
ficiency of such an arrangement. Electro-hydraulic controls for the steering de- 
vice, in which mechanical actuation of the rotor unit in the servostat can be dis- 
pensed with, are very expensive with these solutions, as complicated electro- 
hydraulic valve arrangements must be employed. 

[0006] It would be a significant advantage to provide a hydraulic steering 
device for vehicles that overcomes the various problems and difficulties described 
above. 

SUMMARY OF THE INVENTION 

[0007] It is, therefore, an object of the present invention to provide a hy- 
draulic steering device for vehicles which is characterised by simple and robust 
mechanics and can be precisely controlled without having the disadvantages of 
the current state of the art. 

[0008] It is another object of the present invention to provide a hydraulic 
swivelling motor directly converts the flow of pressure medium from the pump into 
a rotational motion of the steering device. 
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[0009] It is another object of the present invention to provide an a hydraulic 
steering device of the type described above it is achieved in this way that this pos- 
sesses a hydraulic swivelling motor for producing the steering movement, which is 
combined with a reversal of the direction of delivery in a pump with variable out- 
put. 

[001 0] It is another object of the present invention to provide a hydraulic 
steering device with a swivelling motor, formed as the articulation of an articulated 
vehicle or arranged in and/or on an articulation. 

[001 1] It is another object of the present invention to provide a hydraulic 
steering device with at least one swivelling motor arranged above and/or below 
the central pivot joint. 

[001 2] It is a still further object of the present invention to provide a hydrau- 
lic steering device with a swivelling motor formed as a swivelling vane motor with 
at least two movable vanes. 

[001 3] It is an even still further object of the present invention to provide a 
hydraulic steering device employing a pump with an electronic control device, in 
particular, a micro controller. 

[001 4] It is a further object of the present invention to provide a hydraulic 
steering device using a joystick, possibly with a force-feedback function, for setting 
the steering angle. 

[0015] These, and other, objects are achieved by providing a hydraulic 
steering device for vehicles, especially construction machines with which is simple 
and robust mechanically and can be precisely controlled, without possessing the 
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disadvantages of the current state of the art. A hydraulic swivelling motor for pro- 
ducing the steering motion, which is connected to a variable flow rate pump with 
reversal of its direction of delivery. 

DESCRIPTION OF THE DRAWINGS 

[001 6] Further objects of the invention together with additional features con- 
tributing thereto and advantages accruing therefrom will be apparent from the fol- 
lowing description of the preferred embodiment of the invention which is shown in 
accompanying drawings with like reference numerals indicating corresponding 
parts throughout, wherein: 

[001 7] Fig. 1 is a diagrammatic view of a steering mechanism in accor- 
dance with the invention; 

[001 8] Fig. 2 a diagrammatic plan view of an articulated vehicle; 

[001 9] Fig. 3 a diagrammatic side view of an articulated vehicle; 

[0020] Fig. 4 a side view of an articulation (partly cut away); 

[0021] Fig. 5 a side view of an articulation with two swivelling vane motors; 

[0022] Fig. 6 a side view of an articulation with three swivelling vane mo- 
tors; 

[0023] Fig. 7 a diagrammatic circuit plan of the steering device in a closed 
control circuit; 
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[0024] Fig. 8 a diagrammatic circuit plan of the controlled steering device; 
and 

[0025] Fig. 9 the circuit diagram of the steering device in accordance with 
the invention with differential cylinder steering. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0026] In general, the objects are achieved by a hydraulic swivelling motor 
for producing the steering motion, which is connected to a variable flow rate pump 
with reversal of its direction of delivery. The a hydraulic steering device to be de- 
scribed herein uses a hydraulic swivelling motor for producing the steering move- 
ment, which is combined with a reversal of the direction of delivery in a pump with 
variable output. 

[0027] A hydraulic swivelling motor directly converts the flow of pressure 
medium from the pump into a rotational motion of the steering device. Thus, it is 
suitable for employment in steering systems, since movements occurring here are 
rotational movements. Therefore, expensive steering rods and such-like can be 
omitted, in order to convert the linear movements of a hydraulic cylinder into an 
appropriate rotational motion of the axle wheels to be steered and/or vehicle parts. 
Swivelling motors are extremely robust, as the parts to be moved are situated in a 
casing closed to the outside, from which only the rotating axle projects. 

[0028] The application of a pump with a variable volume flow with reversal 
of the direction of flow avoids any pressure losses at the throttle edges in valves, 
as these are omitted from the performance circle. In addition, a variable pump 
possesses rapid response behaviour and a precise regulation of the volume flow, 
which is important for use in steering devices. As the pump is able to deliver vol- 
ume flows in both directions, it enables the omission of every control valve in the 
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hydraulic circuit, which hence must have merely the standard safety valves. At 
the same time the pump can be connected to a central engine with further con- 
sumers or have its own drive unit as a result of which functioning steering can be 
guaranteed under all operating conditions of the vehicle. For emergency opera- 
tion a second pump driven by an electric motor can be provided. 

[0029] Thus it can be envisaged that pumps which are variable in their flow 
rate with reversal of their flow direction can be designed as constant flow pumps, 
which are driven by a variable speed electric motor. Alternatively, it can be envis- 
aged that the pump that is variable in its flow rate with reversal of the flow direc- 
tion can be designed as a pump with a variable displacement volume, in particular 
as a variable displacement axial piston pump with swash plate. 

[0030] These two embodiments of a pump with a variable flow rate offer 
according to their purpose of use a particularly favourable possibility to provide the 
necessary volume flow for the steering device. The use of the electrically driven 
fixed displacement pump renders possible one of the other steering hydraulic sys- 
tems which is independent of the other hydraulic system which is possibly present 
in the vehicle. In vehicles in which a higher ranking power management system is 
employed in combination with a further hydraulic system, the use of the displace- 
ment-controlled pump is sensible, which in this case for example is driven by the 
central engine of the vehicle. 

[0031] In one embodiment of the steering system it is envisaged that the 
swivelling motor is formed as the articulation of an articulated vehicle or is ar- 
ranged in and/or on an articulation. With articulations on vehicles the front and the 
rear parts of the vehicle turn relative to each other on an axle of rotation, as a re- 
sult of which travelling in a curve is achieved. A swivelling motor arranged on this 
axle can then directly determine the angle between the front and rear parts of the 
vehicle. In addition it can also assume the functions of a bearing, so that a single 
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unit made up of the joint and swivelling motor is formed. Steering cylinders fixed 
on the outside and hence exposed to the danger of destruction are omitted com- 
pletely. 

[0032] A particular embodiment of the device provides that at least one 
swivelling motor is arranged above and/or below the central pivot joint. 

[0033] To increase the possible steering torque or reduce the size of the 
individual swivelling motors it is possible to fix several motors on the turning axle. 
At the same time in addition to a motor arranged possibly within the joint further 
swivelling motors could be arranged on the same axle above or below the joint. 
As the maximum steering torque results from the total volumes of all the motors 
working together, thus an optimum ratio of size to the possible steering torque is 
achieved. 

[0034] A further embodiment of the steering system is characterised in that 
the swivelling motor is formed as a swivelling vane motor with at least two mov- 
able vanes. Swivelling vane motors with one vane have a range of angle of rota- 
tion of about 270 degrees. Since for steering systems as a rule an angle of less 
than 135 degrees is necessary, a swivelling vane motor with two movable vanes 
can be employed. This offers the advantage of making possible a uniform cou- 
pling of power to the rotating axle, as well as requiring only about half of the size 
of the single-vane motor for the same steering torque. 

[0035] In an embodiment of the invention it is envisaged that for the pump 
control an electronic control device, in particular a micro controller is provided. By 
means of an electronic controller the many and diverse control problems of the 
technical task for the steering device can be solved centrally. The use of a micro 
controller makes possible the utilisation of different programs and a flexible and 
economical implementation of the controller and permits coupling with further ve- 
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hide components, which facilitates integration of the steering system into an over- 
all vehicle concept. It can be advantageous if sensors for recording the steering 
angle and/or further system state parameters are provided. With this the control 
of the steering can be expanded to a controller. Through the recording of the 
steering angle this can be controlled and hence a clearly higher steering precision 
can be obtained than with a purely steering concept. With the recording of further 
system state parameters, such as for example the pump speed, the hydraulic 
pressure or the vehicle's travelling speed a further increase in steering precision 
can be achieved and a dependence of the steering behaviour on for example 
travelling speed can be achieved. 

[0036] A further embodiment of the steering device is characterised in that 
for setting the steering angle an electronic operating element, in particular a joy- 
stick, possibly with a force-feedback function is provided. Through dispensing 
with mechanical steering components a transition to a completely electro-hydraulic 
vehicle is possible. In doing so the actual mechanical steering wheel with a direct 
mechanical coupling to the steering device is replaced by an electronic set value 
transducer. Through this then, only as an example in the form of a joystick deflec- 
tion, the desired steering motion is preset and passed on electronically to the 
steering control unit, which converts this into the mechanical motion of the steer- 
ing motor by influencing the pump displacement volume. Thus, a series of addi- 
tional safety functions can be implemented, which for example prevent too violent 
steering turns when travelling fast and nevertheless allow a rapid steering behav- 
iour when travelling slowly. The necessary physical strength of the driver for op- 
erating the vehicle is likewise reduced significantly. Through the use of force- 
feedback a direct haptic (tactile) signalling of the current state of the vehicle in re- 
lation to the operator is achieved. Apart from unsafe vehicle states, which could 
be indicated to the driver, the vehicle behaviour altered by the various control pro- 
grammes is displayed directly to the driver. 
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[0037] A further embodiment of the steering device in accordance with the 
invention consists in that a known linear cylinder system is provided as the steer- 
ing motor. The use of control systems in combination with the variable flow pump 
is advantageous also for a version with a linear cylinder. In particular the en- 
hanced safety functions and improved operation, which are associated with these 
modern systems, offer also advantages over conventional steering geometry. The 
process in accordance with the invention for controlling a steering mechanism is 
characterised in that a set angle determined by the operator is recorded, and de- 
pending upon it, the quantity and direction of the volume flow to the steering motor 
is influenced. 

[0038] It could be advantageous that in addition the actual angle of the 
steering gear is recorded and the volume flow to the steering motor is regulated in 
accordance with a control algorithm which is dependent upon the operating state 
of the vehicle, in particular a steering angle control and/or a steering angle speed 
control. This process makes possible the already-described electro-hydraulic ve- 
hicle steering. In doing so the operator sets the steering angle to be used through 
an electronic control element, which then elicits the steering deflection through the 
corresponding volume flow to the steering motor. Steering precision can be in- 
creased, if in addition the actual angle of the steering gear is recorded and then 
influenced by regulation of the volume flow in such a way that the set steering an- 
gle is attained. Through an adjustment of the control algorithm, depending upon 
the current state of the vehicle, different characteristics of the steering gear can be 
obtained. For example an increase in the response characteristic of the steering 
gear when travelling slowly is imaginable or a dynamic changeover to steering 
angle velocity control for evasive manoeuvres in emergency situations. 

[0039] The steering system in accordance with the invention shown in Fig. 
1 and designated generally by 1 consists essentially of a hydraulic swivelling 
motor 2 and a variable flow pump 3 with reversal of the direction of flow. 
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[0040] Swivelling motor 2 this uses a cylindrical outer casing 4 and a central 
rotatable axle 5. On the axle 5, a swivelling vane 6 is attached, which is sealed 
outwardly against the wall of the casing 4. A vane 7, fixed solidly to the outer wall 
4, fits sealed to the axle 5 of rotation. By means of the fixed vane 7, the axle 5 
and the rotating vane 6 attached to it the interior of the casing 4 is divided into two 
chambers, 8 and 9. Each of the chambers 8 and 9 is connected to the hydraulic 
circuit via a hydraulic channel 10 and 11, respectively. 

[0041] If pressure medium is pumped through channel 10 into chamber 8 
and the same quantity of pressure medium is withdrawn from chamber 9 through 
channel 11, then because of the equally large and opposing change in volume in 
the two chambers 8 and 9 the axle 5 is set into rotation by the vane 6, so that a 
rotational motion of the axle arises dependent upon the flow of pressure medium. 
This can go so far, maximally, until the volume of one of the two chambers is re- 
duced to zero and the movable vane 6 presses tightly against one side or the 
other of the fixed vane 7. 

[0042] The hydraulic pump 3 is executed as an axial piston construction. 
The central shaft 13 of the pump is set into rotation by an engine 12. This drives a 
cylinder block 14, in which a number of pistons 15 are arranged movably in a pitch 
circle about the axle. These pistons 15 abut with their free ends 16 against a disc 

17, as a result of which on rotation of the cylinder block 14 with an oblique ar- 
rangement of the disc 17 a reciprocating motion of the pistons 15 is produced. On 
moving the piston 15 out from the inner to the outer top dead centre pressure fluid 
is sucked from the connection 19 and on moving from the outer to the inner top 
dead centre pressure fluid is conveyed to the connection 20. 

[0043] If the disc 17 is now adjusted in its inclination by a control actuator 

18, that leads to a change in the reciprocating movement of the piston 15, which 
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causes a change in the displacement volume of the pump. When the oblique disc 
17 allows outward movement in both directions from the neutral position, in which 
it is perpendicular to the axis of rotation 13, the delivery direction of the pump is 
reversible and it can suck fluid from connection 20 and deliver it to connection 19. 
The delivery volume is always dependent upon the angle of the disc 17 and can 
be varied smoothly from the neutral position, at which no pressure medium is de- 
livered, up to a maximum in each of the two delivery directions, at which the disc 
17 possesses its maximum set angle to the axle 13. 

[0044] The swivelling motor 2 is installed on the articulation 21 of an articu- 
lated vehicle 22, as depicted in Fig. 2. In doing so the casing 4 of the swivelling 
motor 2 is connected rigidly to one part 23 of the vehicle and the rotation axle 5 is 
connected rigidly to the other part 24 of the vehicle. The turning motion of the axle 
5 produced by the conveyance of pressure medium to and from the connections 
1 0 and 1 1 of the swivelling motor 2 produces an articulation of one half of the ve- 
hicle 24 relative to the other half of the vehicle 23. The angle between the two 
axles 25 and 26 of the vehicle resulting thereby leads to travel in a curve, the ra- 
dius of which is smaller the further the axle 5 in motor 2 is turned. 

[0045] In Fig. 3 yet again the production of the steering movement is ex- 
plained diagrammatically. The variable flow rate pump 3 driven by the engine 12 
delivers a volume flow to the swivelling motor 2, which is determined by a higher- 
ranking controller of the electrohydraulic regulator, which results in a turning 
movement of the axle 5. This leads to initiating a steering movement between the 
two parts of the vehicle 23 and 24. 

[0046] The swivelling motor 2 can also be built into the articulated joint 21 
itself, as explained in more detail in Fig. 4. The turning axle 5 rigidly joined to one 
part of the vehicle 24 runs through the swivelling motor 2 located in the joint. This 
with its casing 4 is rigidly joined to the other part 23 of the vehicle. At the same 
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time the bearing points 27 and 28 of the swivelling motor 2 can themselves form 
the turning bearing between the two parts of the vehicle 23 and 24, which leads to 
a very compact construction of the joint. 

[0047] Alternatively, the swivelling motors 2 can also be arranged above or 
below the articulation joint 21 between the parts of the vehicle 23 and 24, as 
shown in Fig. 5. Through the use of two motors the maximum steering torque can 
be increased and/or the size of the two motors 2 can be reduced. An embodi- 
ment, in which three swivelling motors 2a, 2b, and 2c serve to further increase the 
maximum steering torque between the two vehicle parts 23 and 24, is shown in 
Fig. 6. For this apart from the motor 2a arranged in the joint two further motors 2b 
and 2c are attached above or below the joint. These together drive the rotation 
axle 5 and are rigidly connected to the vehicle parts 23 and 24 respectively. In 
doing so care must be taken through the correct assignment of the connections 10 
and 1 1 to the hydraulic circuit that the transfer of power by the motors occurs in 
the same direction. 

[0048] One embodiment of the displacement controlled hydraulic steering 
system is depicted in Fig. 7. An engine 12 drives via a gearbox 12a the hydraulic 
pump 3, which is variable in flow rate and delivery direction. On the same driving 
shaft 13 there is likewise a further non-variable smaller hydraulic pump 30, which 
sucks hydraulic fluid from a reservoir 31 and supplies it to a low pressure circuit 
protected by a pressure relief valve 32. This is connected with the high-pressure 
circuit via two non-return valves 33, which possesses two pressure relief valves 34 
and 35 to protect the user. 

[0049] The two connections 19 and 20 of the variable pump 3 are directly 
connected with the two unions 10 and 1 1 of the swivelling vane motor 2. Every 
change at the adjusting actuator 18 of the pump 3 thus brings about a hydraulic 
flow from the connection 19 of pump 3 via the connection 10 of the motor 2 in one 
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of its chambers and an equally large outflow of hydraulic fluid from the other 
chamber of the motor 2 via connection 1 1 to the second connection 20 of pump 3. 
Thus, directly through the change in the adjusting actuator 18 of the pump a steer- 
ing movement at the axle 5 is induced. 

[0050] In operation of the steering device depicted in Fig. 8, a setting signal 
is preset by the operator 36, which is converted in such a way by the electro- 
hydraulic adjusting unit 37 of the pump, that a corresponding displacement volume 
and the required direction of delivery flow of the pump 3 is set and as a result the 
required volume flow is produced at the appropriate connections of the swivelling 
motor. This corresponds in this simple form to a steering angle velocity control, as 
through the setting of the delivery volume of the pump 3 the speed of the steering 
movement is determined. Thus, the operator can by means of a large setting sig- 
nal induce a rapid steering movement at the axle 5 and through a small setting 
signal induce a small steering movement. At the same time the steering signal 
prescribes the direction of the steering movement. If the actual position of the 
axle 5 is measured by means of a position sensor 29, this signal can be utilized by 
a controller 38, in order to produce a closed control circuit, as depicted in Fig. 7. 
In doing so the setting signal of the operator 36 in combination with the current 
position of the axle measured by the sensor 29 and an appropriate setting signal 
for the variable pump 3 is produced. Thus, on the one hand a steering angle con- 
trol is achieved, in which the operator determines through his steering movement 
the actual position of the steering device, and on the other hand a steering angle 
speed control, in which the measurement signal from 29 is differentiated, with 
which the rotational speed of axle 5 can be controlled. 

[0051] At the same time the controller 38 can produce various different 
steering characteristics, in which depending upon further measure measured op- 
erating conditions of the vehicle and the steering settings of the operator 36 the 
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adjusting signals for the electro-hydraulic actuator 37 are produced. Thus the 
steering characteristics of the vehicle can be adapted to the vehicle condition. 

[0052] Operation of the controller in accordance with the invention with a 
conventional differential cylinder actuator is depicted in more detail in Fig 9. At the 
same time the construction of the hydraulic circuit is essentially analogous to the 
one above. Of course instead of the swivelling motor 2 a conventional steering 
actuator consisting of two differential cylinders 39 and 40 is connected. At the 
same time the cylinders 39 and 40 are arranged essentially between the two 
halves of the vehicle 23 and 24 on both sides of the articulation joint 21 , so that 
through the inward movement of one cylinder 39 on one side and the outward 
movement of the other cylinder 40 on the other side a corresponding moment is 
applied to the halves of the vehicle, which leads to rotation about the joint 21. 

[0053] Determined by the different volumes of the two halves of the differ- 
ential cylinders 29 and 40 and hence because the inwards and outwards move- 
ments of the two cylinders are not equal, of course difference volumes occur in the 
actuator circuit. These are equalised on the one hand by the pilot-controlled non- 
return valves 33 in the low-pressure circuit and can on the other hand flow into two 
hydraulic reservoirs 41 and 42, which must be provided for this purpose on such 
differential cylinder steering systems. Here, too, a controller in the open control 
circuit is depicted, in which the operator 36 prescribes an appropriate control sig- 
nal, by which the displacement volume of pump 3 is varied by means of an elec- 
tro-hydraulic adjusting unit 37, in order to produce an appropriate flow to and from 
the differential cylinders. With an appropriate measurement of the angle in the 
articulated joint between the two halves of the vehicle here too operation in the 
closed control circuit can be implemented. 

[0054] Naturally the invention is not limited to the preceding example em- 
bodiment, but can be modified in many ways, without departing from the basic 
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idea. For example hydraulic swivelling motors can be used also for non- 
articulated vehicles. Furthermore, neither the number nor the size of the motors is 
limited to the embodiments shown. In addition, pumps which are variable as re- 
gards flow rate and direction of delivery, and also constant delivery pumps driven 
by variable speed electric motors can be employed. Furthermore, control algo- 
rithm can be modified in many different ways, in order to achieve a desired steer- 
ing behaviour for each vehicle. Integration into the overall vehicle-control concept 
and something similar is naturally is also possible. 
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